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CONFIOENTIAL

AN INVESTIGATION OF THE ABRODYMAMIC CHARACTERISTICS
CF ROTATING CIRCULAR AND TRIARGUIAR CYLINDERS

By R. H. Heald and L. M. Sargent
1. INTRODUCTION

This investigation, wnducted on requsst of representatives of the
Ghemical Warfare Laboratories, Armmy Chemisal Center, Maryland, concerned the
question of 1lift, drag, and spin ngnitms dnwlopod by rctating missiies
having circular and triangular cross uctionl,\ ‘rho models used in the
experiments were free to rotate on bali-bearirg spindles, and were driven by
air impingement on narrow blades extending lengthwise along their surfaces.
Ihe models ere shown in figure 1, and their principel dimensions are giwean

4nthe headings of tables1—~-i) In the cases of the large cylindrical

rotor ad the t;o triangular rotors, the lift and drag forces were suf-
ficiently large to permit measurements on the flsxure-plate balance as well
as the NPL balance. The original bearing and spindle arrangement which
supported each model was used in each se!. of measurements. All force
measurements were mad~ during steady rotation of the models.

The experiments were conducted in the National Bureau of Standards
6-foot wind tunnel at air speeds ranging between 53 and 275 feet per second.
The corresponding range of Reynolds Nusbers was from 0.4 x 105 to 3.3 x 105,
where Rl-%—q and V = air speed, fps, d = basic diameter in the case of
the circular shapes or face width in t-: case of the triangular shapes, feet,
and v = cooffioiut. of kinematic viscosity for air at 15°C and 760 mm Hg =
0.0000157 ft /m.

2. KIPERIMENTAL PROCRDURES

The msasuremsnts for the small cylinder were all made using the NFl-type
of spindle serodynamic balance which has maximm 1ift and drag force capaci-
ties of about 3} pounds each and is graduated to 0.001 pound. As previously
indicated the forces acting on the other three models were msasured on both
the NP1 balance and ths high-capscity flexure-plate beclance. On the latter,
measuremsnts can be cbtained with an accuracy of sbout 0.2 pound.

Bach of the models was supprted by a 5/16~inch ball-beari”~ “pocie
attached eniwise as shown in figure 1. Lift ant drag msasuresscts vers mde
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on each model at a mmber of air speeds duzing steady state rotation. The
rotational speeds were determined by strobotac at the time the force measure-
ment.s were mde.

The acceleratiun time of the triangular models was determined at an air
speed slightly above 70 miles per hour. For these measurements the madsl was
held ststionary from owside the wind tunnel while the air speed in the tunnel
was adjusted to the desired steady value. When this was obtained the model
was released and rotation began. The time required for the model to reach

steady state rotation from rest was determined using a timer reading to 0.01
second.

3. RESULTS

7he results of this investigation are given in tables 1 - L and the
swaary table 5 which is based on mean valuss. They are siown plotted in
7igures 2 - 5. The curves shown in the figures were falred through the
plottea values of rotational speed, 1ift coefficient CL , drag coefficient
C, » and the ratio ; given in the tables. For clarity individual poimts

D
ars not shawn on the figures.
3.1 Rotational Characteristics

As shown in figure 2, the rotational speed of the small rotor varied
linsarly with air speed within experirental limits, the values rapgirg {rom
1690 rpm at a wvind speed of 36.3 mph to 10750 rpm st 156.8 mph. For the test
range the mean valus of the ratio of rotational speed in rmm to wind speed in
s ch was 60.1 (table 5). The mean value of the ratio of tip speed in fps to
air speed in fps for this rotor was 0.208.

The rotational speeds of the large cylindrical rotor and the two tri-
apgular rotors departed appreciably froc a linsar rslationship with air speed
in the higher speed regions, possibly as a result of model end shaft distor-
tion with consequent increased bearing friction. The speed ratioce for “hese
roters are also given in tedle S. Accelsrstion times were 7.67 seco.ds at a
vind speed of 71.1 mph for the triangular rotor equipped with $0° fims, and
k.57 seconds at 72.7 mph for the rotor with 120° fims.
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3.2 Lift and Drag Characteristics

The results of the force measurememts are given in tables 1 - 4 and
are sumarized in table 5. In general the data for the large cylirder and
those for the two triangular shapes which were obtained using the two dif-
ferent baiance sywtems are in fair agreement. As previously indicated, the
flexure-plate balance is not well sdapted to the measurement of smsll forces,
i. e., those amounting to less than about 5 pounds. Although there is
considerable range in the values of drag coefficient with Reynolds Number,
the mean values of CD far the two circular cylinders do not differ greatly
in the range of Reynolds Numbers of the experiments, 0.l x 10° to 1.6 x 10°
for the small cylinder, and 0.7 x 105 to 3.3 x 10’ for the large cylinder.
For these ranges of Reynolds Numbers amd including the data taken on both
balances, the mesan value of drag coefficient for the large cylinder is 1.031
as against a mean valuc of 1.0l0 fer the small cylimder. Correspondingly,
the mean values of the 1lift coefficient were O.4é.l for the large cylinder
and 0.610 for the small ons. However, the values of lift coefficient for
the small cylinder obtained on the spindle balance indicate the presence of
substantial Reynolds Number effects, CL ranging dJowmward from O, 861 at
R N -O.w’leOstoO.hSa.tl.l. - L678:105. The msasurements of 1ift
of the large cylinder which were made on both balances indicate rather small
scale effects in the lower range of heynolds Nuabers, i.e., between 0.7 x 105
and about 1.6 x 105. The data for the large cylinder, obtained using the
flexure-plate balance, indicate an increase in CL of about 25 percert
between RL.XL = 1.7 x 105 and 2.8 x 105. In the vicinity of the latter value
of R.N. the indications are tat CL has rsached a maximum and is vending
to Jecrsase st RN = 3.33 x 10°. T wariation of :; with Reynolds Nusber

D

for both circular cylinders shows sbout the same pattemm as CL versus R.N.,
since OD varies relatively slightly 4Ath R X,

On the basis of mean valwes the triangular rotors show l..yer values of
both 1ift and drag coefficient in the test range than do the cylindrical
rotars. As shown in teble S, the mean value of C, for the triangular rotor
with 90° fims is 0.78L, the individual values renging from 0,64 tc 0. 859,
T™he neaz wvalue of GL for the triangular rotor equipped with 120° fine is
0. 88, iniividusl wvalues ranging from O.745 % 0.925. The msan walues of
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CD for the 90° fin rotor is 1.392 compared with 1.577 for the rotor equipped

with 120° fins. In the former case, individual values of CL range from
1.348 to 1.471; in the latter case, the range is from 1.418 to 1.706. The

mean value of EL for the triangular rotcr equipped with 90° fins is 17 per

Cp

cent greater than that for the rotor with 120° fins.
L. CONCLUSION

The 1ift and drag characteristics of the four rotors included in these
experiments show considerable variation with Reynolds Number in the test
range. The values of 1ift and drag coefficient and gl. decrease continu-

D

ously as the Reynolds NMumber i3 increased. On the other Land values of CL’

G
c and _u for the large cylindrical rotor show less consistency with

“

increaced Reynolds Number. Referring to figure 3, CL for this cylinder
shows a decrease of Lue order of 10 per cent from about O.L48 between R.N. =
0.7 x 105 and 1.7 x 105, followed by an increase ubove the minimum value
(of about 0.43) amounting to about LO per cent at the maximum. Two points
above R.N. = 2,8 x ].OS indicate che rate of increase in this region to be
lessening. The values of C_. for this rotor show consideravly less varia-

D
ticn with R.N. than the values of C,. The range of cD is of the order of

15 per cent, generally upward, and tll;on dovrnvard as R.N. is increased from
0.7 x 105 to 3.3 x 105. The valus of (‘:D = 1,00 at 3.3 x 105 is close to
that at RN = 0.7 x 10°. Varistions in the valuss of ;; vith R.N. for
this model foilow somewlat the same pattern as of CL‘ D

The values of 1ift coefficient for the two triarngular rotors, excluding
three divergent pointes, and their means differ by only a few per cent. In
both cases a downward trend in CL is shown for values of R.N. abowe 1.8 x

. The shapss of the (‘:D vs. R.N. curvea differ quite appreciably, the
values of C_ for ths triangular rotor equipped with 120° fins avereging

D
sbout 1l per cent greater than for the rctor with 90° fins.

D b4

For the Director,
Aty VibAmnen
G. 2. Schwdauer, Chief
Fiuid Mechanics Section
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Figure 1

View of the four models. Reading from left to rightt Triangular Rotor,
90 degree fins; large Cylindrical Rotor (Ch-D,‘,LZH6A3I2)3 Small Cylindrical

Rotor (Gh—DiLll{jAjBl); Trianguiar Rotor, 120 degree fins.
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DEPARTMENT OF THE ARMY
US ARMY RESEARCH, DEVELOPMENT AND ENGINEERING COMMAND
EDGEWOOD CHEMICAL BIOLOGICAL CENTER
5183 BLACKHAWK ROAD
ABERDEEN PROVING GROUND, MD 21010-5424

zgls'“gn OF ’ tg 1 JAN )77

RDCB-DPS-RS W

MEMORANDUM THRU Technical Director (RDCB-D/Mr46seph Wienand), Edgewood
Chemical Biological Center (ECBC), 5183 Blackhawk Road, Aberdeen Proving Ground, MD

21010-5424

FOR Office of the Chief Counsel (AMSRD-CCF/Mr. Brian May), US Army Research,
Development and Engineering Command (RDECOM), 3071 Aberdeen Boulevard, Aberdeen
Proving Ground, MD 21005-5201

SUBJECT: Freedom of Information Act (FOIA) Request

1. The purpose of this memorandum is to recommend the release of information in regard to a
Freedom of Information Act (FOIA) Request FA-12-0047.

2. On 3 Jan 2012, ECBC received RDECOM FOIA Tasker #FA-12-0047 from
Mr. Brian May, RDECOM FOIA Officer, which originated from DTIC in Fort Belvoir, VA. The
original request was from Mr. Michael Ravnitzky.

3. The folldwing document was reviewed by Subject Matter Experts from ECBC on Aberdeen
Proving Ground, MD and deemed suitable for declassification and public release.

e AD-309180, An Investigation of the Aerodynamic Characteristics of Rotated Circular and
Triangular Cylinders, dated May 21, 1959.

4. The point of contact is Mr. Ronald L. Stafford, the ECBC Information Security Officer,
(410) 436-6810 or ronald.l.stafford.civ@mail.mil.

. L@ﬁ&%

Encl JUNE K. SEL
‘ Security Manager

CF: Defense Technical Information Center (DTIC), 8725 John J. Kingman Road, STE 0944,
Fort Belvoir, VA 22060-6218 (w/encl)
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